Abstract -Wireless Sensor Network (WSN) is a technology which can help humans solve problems in daily life for monitoring the environment. This can be done to help farmers in monitoring and making decisions for watering plants. In this study, temperature, humidity and soil moisture sensors were used to help farmers monitor web-based precision agriculture, and the system which be built could make a decision to automatically water plants based on soil conditions. The results of measuring precision agriculture from the sensor node will be sent to the gateway using Zigbee 802.15.4. The data will be stored in the MySQL database provided by the gateway. Then it will be synchronized to the cloud using IoT technology, so users can access it in real time by using web-based application. From the system which is developed, it really helps farmers to complete their work and make innovation in the digital era.
INTRODUCTION
Wireless Sensor Network (WSN) is a technology which has been widely used in everyday life to help solve problems as needed. Currently, WSN technology is widely developed in various fields, such as the military, smart environment, e-Health, smart lighting, smart city, agriculture, smart environmental and so on [1] [2] [3] . In addition, there are other technologies besides WSN which are also widely used and applied in human life, namely the Internet of Things (IoT). IoT is a concept which aims to expand connectivity through the internet to transfer data without requiring human-tohuman or human interaction to computers [4] [9] [10] .
Precision agriculture is a science or strategy in management to increase crop production using technology. This aims to reduce production costs, increase the quality and quantity of results. This is obtained by providing information related to agricultural conditions such as temperature, humidity, pressure, light, wind [11] .
Georgieva, et al [5] . They are developing a system for monitoring soil quality using temperature, humidity, and conductivity acidity sensors. The results of these measurements will be displayed in the form of Graph User Interface (GUI) with Lab View.
G. Sahitya, et al [6] , develop a design system for monitoring precision agriculture using sensors humidity, soil moisture, and LDR. For the communication using Zigbee. They just measurement and collect data and not informed to the public.
There are also several other communications that are used to monitor soil conditions such as [7] , conduct station weather monitoring for application purposes in precision agriculture using Bluetooth technology. They developed this system at the Pedagogical and Technological University of Colombia Tunja. The results obtained will be displayed on the desktop.
In [8] , they measured indoor and outdoor air pollution data using Wi-Fi communication to transmit data. In this study, a sensor node was implemented to measure the level of concentration of gas, temperature and humidity. The results of these measurements will be visualized into the form of the web application provided.
In [12] [6] , [7] , [8] . Some of the characteristics are shown in Table 1 .
Based on previous research, this system proposed to monitoring precision agriculture using communication Wireless sensor networks that can be accessed through web sites that have been developed so that farmers can monitor land conditions in real-time. In addition, we also provide information about land conditions on social media such as Twitter and Facebook. Thus, farmers can make land conditions in real time wherever they are as long as they are connected to the internet and farmers can access them through Personal Computers, Laptops and smartphones. In this paper, we developed from previous research [6] [7] [8] , where research only shows information about soil conditions, while what we propose when soil conditions are dry, water pumps will automatically live and water the soil adaptively. 
II. RESEARCH METHOD

A. System Architecture
In Fig.1 , shows the system architecture for monitoring precision agriculture based on wireless sensor networks using web-based applications that we have developed. In this system, we develop a system to monitor agriculture it is requiring integration of hardware and software. In this paper, we use sensors temperature, humidity, and soil moisture for monitoring soil conditions. The data from sensor node will be send to data server using communication Zigbee standard IEEE 802.15.4. Sensor data will be sent to the data server in the form of frames consisting of header and payload. The header is the ID information of the node, while the payload is sensor data that will be sent to the data server such as temperature, humidity, soil moisture and pump status which is used for watering the garden automatically. All of the information obtained from measurements from the sensor node is then stored in the MySQL database that we have developed in the data server. The data will be synchronized to the cloud using internet access, the goal is that users can access land conditions in real time using the website and smartphone that we have developed. And also, we provide information on social media like Facebook and Twitter. Table 2 shows the specification we use in this experiment. 
B. Hardware and Software
C. Tier End Devices
In this experiment, end devices we use is microcontroller it is a computer system on a chip. It contains a processor core, memory (a small amount of RAM, memory), and input-output equipment. The microcontroller we use is Arduino Uno3 which is an electronic circuit that is open source, and has hardware and software that is easy to use. Arduino can recognize the surrounding environment through various types of sensors and can control lights, motors, and various other types of actuators.
In this research, was implemented a system for precision monitoring use the temperature, humidity, and soil moisture sensors. To connect between the sensors with the Arduino, we used the jumper cable in accordance with the rules of the pin connector. For the communication, we use the IEEE 802.15.4 standard Zigbee by impelementing the Xbee shield provided by the developer company. Afterward, power is used to turn on the end devices which have sensors and communication feature. We use two alternatives for power, the first is by using the electric power, while the second alternative is using batteries or power banks. Fig  2 shows the results of configurations of the end device. Fig.3 shows the data server used in this experiment. We use Raspberry pi 3 because its low cost with specification CPU: 1.2 GHz quad-core ARM Cortex A53, GPU: Broadcom Video Core IV @ 400 MHz, Memory: 1 GB LPDDR2-900 SDRAM, Network: 10/100 MBPS Ethernet, 802.11n Wireless LAN, Bluetooth 4.0, Memory 32GB, OS Raspbian. In the data server, we installed the NetBeans application using Java programming language which to open serial ports and create a script for storing data to the database. Next, we install the MySQL database in data server to hold data from the end device. Then to post to social media such as Facebook and Twitter using the Python programming language. Fig.4 shows configuration for synchronizing data from sensor data to the cloud. Here we use the internet network to synchronize data to the cloud. Users can access sensor data via websites and smartphones. And also, we provide precision agriculture information through social media such as Facebook and Twitter. 
D. Tier Data Server
E. Tier Cloud
F. Tier Database Configuration
Our system has been design database MySQL in the data center server for data sensor storage. As shown in Fig.4 , there are one database The table_tanah table is used to store about the sensor information like the id_tanah, temperature, humidity, soil_moisture, status, and time. So, sensor data taken and sent to a data server and stored into a database that has been provided.
III. RESULT
In this section, we explain about precision monitoring based on Wireless Sensor Network using Web of thing. Fig.5 presents topology used in the implementations. In this system, will be provided information on soil conditions that has been measured by real time. Besides displaying information on soil conditions through the website, this tool also updating the status of land conditions to Twitter and Facebook. The information which is displayed on the website in the form of graphs about temperature data, humidity, soil moisture and soil status. If the status of the ground is dry, the relay will be ON and the water machine will switch on to do watering nursery land. So if the land is wet and humid, then the relay and the water machine back OFF as well as update the status of the land condition to Twitter and Facebook. Fig.6 shows the location measure for precision monitoring. In this experiment, we take measurements from 14.00 -16.00. The data will be sent to the data server every 10 seconds. Fig.7 shows the result measure data precision agriculture where user able to do monitoring via website. Figure 8 shows the graph condition temperature by real-time where user able to access from anywhere and anytime as long as they connected to the internet. Furthermore, we also provide information on precision agriculture condition on Social media such as Facebook and Twitter in the form of time and land conditions. The system also automatically updates the status to Social Media using Twitterbot. The Twitterbot was built on a Mini PC using the Python programming. Fig.11 (a) . Status on Twitter Fig.11 (b) . Status on Twitter From the picture above, the information about precision agriculture conditions will be updated on Facebook and Twitter by real-time. In the case, we set to update status based condition agriculture. Table 4 shows the data sensor agriculture from measurement. In this experiment, we use 3 conditions for measuring soil conditions. First dry, the range of values of dry soil conditions between 0-40Cb, humid between 41-70Cb, and wet 71-100Cb. From the 3 conditions above, the pump engine will automatically turn on when the soil conditions are dry. And also, we test the data transmission between local sensor data and the server. Table 5 shows the comparison between time local and server. Table 6 and Fig.12 above, it can be concluded that there are differences in the time of some data between data on the local and on the server. This is caused by network instability so that the data on the server is a little slow in about 1 to 3 seconds. When viewed in terms of the amount of data entered, this is no difference in the amount of data in the local and the amount of data on the server IV. DISCUSSION Table 4 shows the result data of agriculture measurement. In this experiment, we try to measure temperature, humidity, and soil moisture. The result from table above show the pump will be ON if status of moisture is Dry. Furthermore, pump will be OFF if status moisture Humid and Wet. The first experiment, we collect data with temperature 13.690C, humidity 88.00%RH and soil moisture 15.35 Cb, the status of moisture is Dry and pump status is ON. The next experiment, we try to measurement the status temperature 13.69 0 C, humidity 86.76 %RH and soil moisture 42.72Cb then the status of moisture is Humid and the status of pump is OFF. Table 5 shows the comparison of time between local time and server time during transmission. In the first test, the data entered first at 14:40:40 in the local server data then on the cloud server entered at 14:40:41. From the results of observations, there was a delay of 1 second of data entering the cloud server. This happens because the network connection has a delay between the local server and the cloud server. In this observation, the amount of data entered between the local server and the cloud server has no difference in number.
A. Analysis Data of Agriculture Measurement
B. Analysis Data of Comparison Times
V. CONCLUSION
In this paper, we implemented a system for monitoring precision agriculture based on Wireless Sensor Network using Web of Things. All the data information precision agriculture will shows di website and smartphone. And also, user can access data precision agriculture via Media Social such as Facebook and Twitter. Furthermore, we experiment the data transmission and calculate the delay. The average delay in 10 trials 1 was 1.2% while in experiment 2, it was 1.4%. From the system that we developed, it really helps farmers to complete their work and make innovations in the digital era.
